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1
RAILWAY MAINTENANCE DEVICE

REFERENCE TO PRIOR APPLICATIONS

The current application is a continuation application of
U.S. Utility patent application Ser. No. 12/563,577, titled
“Robotic Vehicle for Performing Rail-Related Actions,”
which was filed on 21 Sep. 2009 and issued as U.S. Pat. No.
8,583,313 on 12 Nov. 2013, and which claims the benefit of
co-pending U.S. Provisional Application No. 61/136,624,
titled “Robotic vehicle to perform railway maintenance”,
which was filed on 19 Sep. 2008, both of which are hereby
incorporated by reference. Aspects of the disclosure are
related to U.S. Utility patent application Ser. No. 12/043,357,
titled “Rail vehicle Identification and processing”, which was
filed on 6 Mar. 2008, and U.S. Utility patent application Ser.
No. 12/171,438, titled “Rail vehicle identification and pro-
cessing”’, which was filed on 11 Jul. 2008, each of which is
hereby incorporated by reference.

TECHNICAL FIELD

The disclosure relates generally to a robotic system, and
more particularly to processing objects, such as rail vehicles,
using a robotic system.

BACKGROUND ART

During use, railroad wheels are subjected to high, long-
term stresses. Despite being made of high-quality steel, the
stresses cause the wheels to become worn over a long period
of operation. Without maintenance, a wheel can become too
thin or otherwise no longer of the correct geometry. Further,
the wheels may develop other defects, such as, for example, a
“slid flat” or “flat spot”, which is caused by locking the
wheels with the brakes in an attempt to stop.

The wheels of railroad cars and locomotives cannot turn
differentially since they are affixed to solid axles. As a result,
any difference between the shape and/or size of the wheels on
either side of a car/locomotive can cause a tendency to turn,
leading to an increased possibility of derailment. Therefore, it
is important to periodically inspect the wheels on railroad
cars and locomotives to ensure that they remain safe to oper-
ate, both as an individual wheel and as a pair of wheels on the
same axle.

The use of a J-shaped, steel wheel gauge is a common
approach to inspecting rail wheels. In this approach, an
inspector manually places the gauge on the wheel, ensures
contact with all relevant portions of the wheel, reads the
measurements from marked scales on the gauge, and manu-
ally enters the data. Similarly, an electronic wheel gauge can
be used, which performs some of the functions automatically,
thereby improving accuracy and reducing the overall time
spent measuring the wheels. Various illustrative embodi-
ments of handheld electronic wheel gauges are shown and
described in U.S. Pat. No. 4,904,939, U.S. Patent Application
Publication No. 2005/0259273, and U.S. Patent Application
Publication No. 2007/0075192, each of which is incorporated
by reference. In both approaches, the inspection is carried out
by hand, on one wheel at a time, on a stationary train. To
address this limitation, a number of approaches seek to mea-
sure rolling stock wheels while they are in motion, detect
various defects through the measurements, and record the
associated data in an automated fashion. Various illustrative
embodiments of such measurement solutions are shown and
describedin U.S. Pat. No. 5,636,026, U.S. Pat. No. 6,768,551,
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U.S. Pat. No. 6,523,411, and U.S. Patent Application Publi-
cation No. 2007/0064244, each of which is incorporated by
reference.

Frequently, rail wheels are inspected at a classification yard
(e.g., hump yard, flat-shunted yard, gravity yard, and/or the
like). For example, an incoming train may be halted while one
or more cars are manually inspected. Often, due to time
constraints, only a few cars are actually inspected and/or the
inspection is only cursory (e.g., visual inspection). Subse-
quently, the cars on the incoming train are classified and
routed to corresponding tracks for inclusion on an outgoing
train. The classification is performed based on a destination
foreach car. Once an outgoing train is assembled, one or more
cars may be manually (e.g., visually) inspected along with an
inspection of the brakes for the train. Subsequently, the train
will leave the classification yard for the next destination.

Most attempts to automate the routing of incoming and
outgoing rail vehicles for a train require the installation of
automation equipment on the individual rail vehicles. For
example, in order to automate the decoupling of two rail
vehicles, several approaches seek to install an additional
mechanical assembly on the coupler. Another approach pro-
vides a sentinel-like structure overhanging a train, which
includes a stationary multi-link robotic arm to perform
decoupling (e.g., pin-pulling) of rail vehicles. However, this
requires that the rail vehicles be stationary and placed in a
relatively precise location and that a pin washer be present
and recognizable in the coupling in order to successfully
decouple the rail vehicles. Additionally, this approach does
not provide a solution capable of performing other operations
that may be necessary to completely decouple/couple rail
vehicles (e.g., disassembly/assembly of brake hose) and/or
may be desired (e.g., security, cleaning, inspection, and/or the
like).

SUMMARY OF THE INVENTION

The inventors recognize, among other things, a need for a
cost effective automated or semi-automated solution that
improves and/or provides for various operations relating to
the processing of rail vehicles. To this extent, an embodiment
provides a robotic vehicle capable of performing routing-
related functions of rail vehicles, evaluation of rail vehicles,
security, and/or the like, in a rail yard. The robotic vehicle can
be configured to: perform operations on moving rail vehicles;
receive a set of tasks and execute the tasks without further
operator intervention; successfully operate despite variations
in object geometry, locations, and field conditions (e.g.,
snow/rain, cluttered scene, etc.); consume low power while
operating; and/or the like.

Aspects of the invention provide a robotic vehicle config-
ured for autonomous or semi-autonomous operation in a rail
environment. The vehicle can process image data to move
about the rail environment and perform one or more actions in
the rail environment. The actions can include one or more
actions related to decoupling and/or attaching rail vehicles,
and can be implemented by performing three-dimensional
image processing. The vehicle can be configured to move
with any movement of a rail vehicle on which one or more
actions are being performed. In an alternative embodiment,
the various components configured to perform the action are
implemented at a stationary location with respect to arail line.

A first aspect of the invention provides a vehicle configured
for autonomous operation, the vehicle comprising: a first
imaging device configured to acquire location image data; a
transport component configured to enable the vehicle to move
independently; a processing component configured to pro-
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cess the location image data acquired by the first imaging
device and operate the transport component to move the
vehicle using the location image data; a set of action compo-
nents, the set of action components including at least one
component configured to be temporarily secured with respect
to a target object external to the vehicle; means for moving the
at least one component to temporarily secure the at least one
component with respect to the target object; and means for
enabling the set of action components to move freely with the
target object after the at least one component is temporarily
secured.

A second aspect of the invention provides a railway main-
tenance device configured for autonomous operation, the
device comprising: a multi-link arm, each link capable of
independent movement in at least one direction; a set of
visualization components configured to capture work region
image data for a region including at least one target object; an
action component located on a link of the multi-link arm; and
a processing component configured to process the work
region image data to generate a three-dimensional represen-
tation of the region, move at least one of the links to place the
component near a target object in the region using the three-
dimensional representation, and operate at least one of the
arm or the action component to perform a railway mainte-
nance operation.

A third aspect of the invention provides a rail yard com-
prising: a railway maintenance device configured for autono-
mous operation, the device comprising: a multi-link arm,
each link capable of independent movement in at least one
direction; a set of visualization components configured to
capture work region image data for a region including at least
one target object; an action component located on a link of the
multi-link arm; and a processing component configured to
process the work region image data to generate a three-di-
mensional representation of the region, move at least one of
the links to place the component near a target object in the
region using the three-dimensional representation, and oper-
ate at least one of the arm or the action component to perform
a railway maintenance operation, wherein the railway main-
tenance operation comprises at least one of: decoupling a pair
of rail vehicles, detaching a pair of brake hoses, attaching a
pair of brake hoses, or acquiring inspection data for a rail
vehicle.

A fourth aspect of the invention provides a method of
performing an operation on at least one rail vehicle, the
method comprising: locating a vehicle adjacent to the at least
one rail vehicle using location image data acquired by an
imaging device located on the vehicle and a motor turning at
least one of a set of wheels on the vehicle; securing at least one
component of the vehicle with respect to a target object on the
at least one rail vehicle in response to the locating; disengag-
ing the motor from the at least one of the set of wheels using
a clutch in response to the securing; and performing the
operation on the at least one rail vehicle subsequent to the
disengaging.

The illustrative aspects of the invention are designed to
solve one or more of the problems herein described and/or
one or more other problems not discussed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the disclosure will be more
readily understood from the following detailed description of
the various aspects of the invention taken in conjunction with
the accompanying drawings that depict various aspects of the
invention.
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FIG. 1 shows a side view of an illustrative robotic vehicle
according to an embodiment.

FIG. 2 shows side and top views of an alternative robotic
vehicle according to an embodiment.

FIG. 3 shows a schematic diagram of an illustrative pro-
cessing component for a robotic vehicle according to an
embodiment.

FIG. 4 shows an illustrative simplified diagram of a clas-
sification yard according to an embodiment.

FIG. 5 shows an illustrative coupling mechanism, which is
commonly incorporated to couple rail vehicles, and the
operation thereof according to an embodiment.

FIGS. 6 A-6D show operation of an illustrative manipulator
according to an embodiment.

FIGS. 7A-7D show operation of another illustrative
manipulator according to an embodiment.

FIG. 8 shows illustrative use of the manipulator of FIG. 7 to
rotate a brake wheel located on a front/back side of a railway
vehicle according to an embodiment.

FIG. 9 shows a side view of another illustrative robotic
vehicle according to an embodiment.

FIG. 10 shows an illustrative configuration in which the
robotic vehicle of FIG. 9 can image a coupling mechanism
from below using a set of imaging devices according to an
embodiment.

FIG. 11 shows a top view of a portion of a rail yard accord-
ing to an embodiment.

FIG. 12 shows an illustrative user interface panel for a
remote user according to an embodiment.

It is noted that the drawings may not be to scale. The
drawings are intended to depict only typical aspects of the
invention, and therefore should not be considered as limiting
the scope of the invention. In the drawings, like numbering
represents like elements between the drawings.

DETAILED DESCRIPTION OF THE INVENTION

As indicated above, aspects of the invention provide a
robotic vehicle configured for autonomous or semi-autono-
mous operation in a rail environment. The vehicle can process
image data to move about the rail environment and perform
one or more actions in the rail environment. The actions can
include one or more actions related to decoupling and/or
attaching rail vehicles, and can be implemented by perform-
ing three-dimensional image processing. The vehicle can be
configured to move with any movement of a rail vehicle on
which one or more actions are being performed. In an alter-
native embodiment, the various components configured to
perform the action are implemented at a stationary location
with respect to a rail line. As used herein, unless otherwise
noted, the term “set” means one or more (i.e., at least one) and
the phrase “any solution” means any now known or later
developed solution.

An embodiment provides a robotic vehicle capable of fully
autonomous and/or semi-autonomous operation for perform-
ing one or more rail-related actions including, but not limited
to, rail yard maintenance/inspection, hump track mainte-
nance, hazardous material response, perimeter security, and/
or the like. Railways are under constant pressures to reduce
cost and provide safer operation. It is desirable to reduce the
exposure of workers to slipping within a rail yard, the require-
ment of workers to perform continuous monitoring, the
requirement of workers to perform actions in dangerous con-
ditions, etc. Therefore, a railway solution that incorporates a
robotic vehicle capable of fully autonomous and/or semi-
autonomous operation can be beneficial to the railway indus-

try.
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Turning to the drawings, FIG. 1 shows a side view of an
illustrative robotic vehicle 30 according to an embodiment.
Vehicle 30 comprises a housing 32, which holds a power
component 34, a processing component 36, a positioning
component 38, and a transport component 40 therein and can
protect the various components 34, 36, 38, 40 from exposure
to elements within an operating environment of vehicle 30. It
is understood that FIG. 1 includes only schematic represen-
tations of components 34, 36, 38, 40 and therefore no relative
size or location of the various components 34, 36, 38, 40
should be inferred from FIG. 1. Housing 32 can comprise any
type of rugged casing that is designed to withstand the rigors
of'use in an outdoor environment, such as a rail yard. Addi-
tionally, it is understood that the various components 34, 36,
38, 40 can be held in place within housing 32 using any
solution, e.g., via bolts. Still further, it is understood that
housing 32 can include various additional components, such
as an environmental monitoring and/or control component,
which are not shown and described herein for clarity.

Power component 34 can comprise a power source, such as
a battery, which is capable of providing and distributing suf-
ficient power to operate the various components of vehicle 30
without connection to an external power supply. Power com-
ponent 34 can comprise a power source selected to provide a
desired amount of peak operating power and provide such
power for a desired amount of operating time. In this case,
vehicle 30 can move freely within its operating environment.
In an embodiment, power component 34 comprises a set of
lithium polymer batteries capable of providing a peak oper-
ating power of approximately 200 Watts for a period of
approximately eight hours. Power component 34 can be
recharged via a battery charger 33 and/or power cord 35
connected to an external power source 37. In some applica-
tions, vehicle 30 can operate while power component 34
acquires power from an external power source 37, e.g., via
power cord 35. In this case, the movement of vehicle 30 can
be restricted and the length of power cord 35 will need to be
sufficiently long to enable vehicle 30 to perform all desired
operations. Further, in other applications, power component
34 can acquire power from an external power source 37 using
any alternative power mechanism (e.g., a conductor rail, an
overhead wire, and/or the like).

Asillustrated, vehicle 30 can comprise a tracked vehicle, in
which transport component 40 includes a motor that drives a
set of tracks 42. In this case, vehicle 30 can move without
restriction in an environment susceptible to various adverse
travel conditions (e.g., mud, ice, large stone ballast, etc.)
and/or including rough terrain (e.g., railroad tracks, steep
inclines, etc.). Each track 42 is rotated about a set of wheels
44 A-44C, at least one of which (e.g., wheel 44B) is driven by
a motor within transport component 40. In an embodiment,
the motor comprises a pulse width modulated (PWM) direct
current (DC) electrical motor, which will enable vehicle 30 to
operate for prolonged durations (e.g., approximately eight
hours) without requiring recharging. Further, transport com-
ponent 40 can include a clutch/transmission, which attaches
the motor to the wheel(s). Inclusion of a clutch will allow
processing component 36 to disengage the clutch and allow
the wheels 44A-44C and tracks 42 to move freely without
using transport component 40. A direction of travel for
vehicle 30 can be changed by rotating two parallel tracks 42
at different speeds and/or in different directions. In an
embodiment, each track 42 comprises a rubber track, how-
ever, alternative tracks, such as steel tracks, can be utilized.

Additionally, it is understood that for various applications,
vehicle 30 can comprise a wheeled vehicle, which can move
unrestricted over a terrain, move along a rail, move over
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pathways, and/or the like. To this extent, FIG. 2 shows side
and top views, respectively, of an alternative robotic vehicle
30A, which comprises a rail-based vehicle traveling over a set
of rails according to an embodiment. In this case, the set of
rails can run parallel to a rail line on which rail vehicles
4A-4B are moving and the set of rails can be situated a
sufficient distance from rail vehicles 4A-4B so that vehicle
30A does not interfere with other operations. It is understood
that, with the exception of modifications to a portion of trans-
port component 40 (FIG. 1), vehicle 30A can include the
same components as shown and described herein with respect
to vehicle 30 (FIG. 1).

Returning to FIG. 1, vehicle 30 can include an ability to
operate autonomously. To this extent, processing component
36 and/or positioning component 38 can be configured to
enable vehicle 30 to identify its location and identify objects
within its surrounding area. For example, vehicle 30 can
include an omni-directional imaging device 46, such as a
low-light 360 degree omni-directional camera. Imaging
device 46 can be configured to capture the omni-directional
image data using moving parts (e.g., a pan/tilt/zoom imaging
device) or no moving parts (e.g., using mirrors or the like to
reflect the omni-directional image data onto imaging device
46). Imaging device 46 can comprise a sufficiently high reso-
Iution that enables determination of desired details of targets
of interest within a desired operating range in the image data
to enable a desired level of analysis. The level of detail,
operating range, and level of analysis can be selected and vary
based on the application in which imaging device 46 is used.
In an illustrative embodiment, imaging device comprises a
two megapixel imaging device. Imaging device 46 can
acquire images of the general surroundings of vehicle 30,
which can be provided for processing by processing compo-
nent 36 to acquire an overall situational awareness for vehicle
30. Similarly, vehicle 30 can include a set of microphones,
such as an acoustic microphone array 47, which can acquire
acoustic data from the environment around vehicle 30. Pro-
cessing component 36 can process the acoustic data to detect
and compute directional information for a source of a sound,
e.g., by comparing phase information from the array 47,
identify the type of sound, and/or the like.

Additionally, vehicle 30 can include a set of collision
avoidance sensors, such as sensor 48, each of which can be
mounted on housing 32. A sensor 48 can comprise any type of
sensor, such as an ultrasonic sensor, a laser scanning sensor,
and/orthe like, which is capable of acquiring sufficient data to
enable processing component 36 to detect objects relatively
close to vehicle 30. Processing component 36 can process the
data acquired by sensor(s) 48 to determine a distance, a rela-
tive speed, a relative direction of travel, and/or the like, of'the
closest objects. The compiled data from the set of sensors 48
can provide a complete distance map and potential trajectory
of the nearest objects to the vehicle 30.

Positioning component 38 also can include a geographic
location radio signal receiver, such as a global positioning
system (GPS) receiver, which can acquire geographic loca-
tion information for vehicle 30 from a wireless geographic
location transmitter, such as a GPS transmitter. In an embodi-
ment, the GPS receiver is further configured to receive a
differential GPS (DGPS) signal from a difterential GPS cor-
rection transmitter, which can be utilized to further refine an
accuracy of the GPS-based location. Additionally, position-
ing component 38 can further include one or more sensors
that can provide dead-reckoning data. For example, position-
ing component 38 can include a three-axis accelerometer
sensor, a fiber optic gyro, or the like, which track very slow
movements, a distance sensor, e.g., an inertial navigation unit,
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and/or the like. Processing component 36 and/or positioning
component 38 can augment the DGPS or GPS-derived loca-
tion information with the dead-reckoning data acquired by
the set of sensors to further enhance an accuracy of the loca-
tion information. Further, positioning component 38 can
acquire movement data from a laser or microwave-based true
ground speed sensor 50, or the like, which processing com-
ponent 36 and/or positioning component 38 also can utilize to
further enhance an accuracy of the location information.

It is understood that while DGPS and GPS signals are
discussed herein, any type of geographic location signals,
such as LORAN (Long Range Navigation), GLONASS (Glo-
bal Navigation Satellite System), and/or the like, can be uti-
lized. Similarly, an embodiment of positioning component 38
can receive signals from a set of beacons to derive location
information using triangulation. Alternatively, positioning
component 38 can derive the location information from an
intersection point for a set of vectors derived from the relative
field strength, time of arrival (TOA), time difference of arrival
(TDOA), phase difference between signals, and/or the like. It
is understood that various types of beacons, such as ultra-
wideband location beacons, cell phone towers, pager towers,
distance measuring equipment (DME), VHF Omni-direc-
tional Radio Range (VOR), LORAN, and/or the like can be
utilized.

In addition to geographic location information, processing
component 36 can send data to and receive data from other
systems that are remote from vehicle 30. To this extent,
vehicle 30 can include an antenna 52, such as a radio fre-
quency (RF) antenna, to send and receive data via a wireless
communications solution. In an embodiment, vehicle 30
sends/receives data to/from other systems using antenna 52
via a wireless fidelity (Wi-Fi) link under the 802.11b protocol
and a secure link that is not susceptible to jamming or other
interference. However, it is understood that other types of
wireless communications links, operating frequencies, com-
munications protocols, and/or the like, can be used including,
but not limited to, a microwave link, an infrared link, 802.11g,
TCP/IP protocol, and/or the like.

Regardless, an embodiment of the wireless communica-
tions solution enables multiple vehicles 30 to operate within
anarea and communicate with the same system(s) without the
communications conflicting. To this extent, a group of
vehicles 30 can be implemented within a work area, and
cooperatively address various maintenance-related, danger-
ous, and/or routine tasks for the work area. For example,
multiple vehicles 30 can be deployed in a rail yard to perform
inspections, monitor the area, decouple rail vehicles, and/or
the like. The vehicles 30 can be configured to communicate
with a central system and/or with one another to request
assistance or perform some action, when necessary.

Processing component 36 can be selected and configured
to perform processing related to the corresponding applica-
tion for vehicle 30. In an embodiment, processing component
36 comprises a distributed, low power, processing engine.
Regardless, processing component 36 can be configured to
process machine vision-related algorithms to enable vehicle
30 to move about an environment without communicating
with an external system, which enables a reduction in an
amount of bandwidth required and enables real time process-
ing to be performed by vehicle 30.

FIG. 3 shows a schematic diagram of an illustrative pro-
cessing component 36 for a robotic vehicle, such as robotic
vehicle 30 (FIG. 1), according to an embodiment. Processing
component 36 can be configured to operate while consuming
a low amount of power to enable extended operation of a
vehicle 30 comprising an on board power source, such as a
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battery. For example, processing component 36 can consume
a few watts (e.g., approximately ten watts) of power at full
processing. In an embodiment, processing component 36
comprises a processing component as shown and described in
U.S. patent application Ser. No. 11/869,981, which was filed
on 10 Oct. 2007, and which is hereby incorporated by refer-
ence. To this extent, processing component 36 is shown
including a low power digital signal processor (DSP) 54 and
an on-board field programmable gate array (FPGA) 56. DSP
54 can comprise, for example, a current state of the art DSP
54, such as DM642 from Texas Instruments. FPGA 56 can
comprise, for example, a Virtex series FPGA from Xilinx,
Inc. In this case, by utilizing FPGA 56 to perform repetitive
computations, the processing component 36 can compute at a
rate of 500 million instructions per second (MIPS) while
consuming only a total of approximately five watts.

Processing component 36 can operate the various interface
components, such as the motor 40 for moving vehicle 30, the
microphone array 47, and/or various application-specific
components 100, in a manner that enables additional power
savings. For example, processing component 36 can power
down components that are not actively performing any pro-
cessing. Similarly, some or all of processing component 36
can be powered down when not actively being used for pro-
cessing.

Robotic vehicle 30 comprises an arm 102, which includes
a plurality of links 104 A-104D, each of which can be moved
independent of the other links 104A-104D. As illustrated,
link 104 A can rotate around a vertical axis extending from an
attachment point 106A. Links 104B, 104C are rotatable about
attachment points 106B, 106C, respectively, and link 104D
canbe extended from/retracted into link 104C. The rotation of
links 104A-104C about attachment points 106A-106C,
respectively, can be implemented using, for example, a har-
monic drive located at each attachment point 106A-106C,
each of which can be independently controlled by processing
component 36. Link 104D can be extended/retracted using,
for example, a linear actuator located within link 104C and
attached to link 104D, which also can be independently con-
trolled by processing component 36. Similar to one or more of
the attachment points 106A-106D can be configured to
enable processing component 36 to disengage the corre-
sponding device used to move the link 104A-104D to enable
the link 104A-104D to move freely (e.g., due to the move-
ment of another object). However, it is understood that har-
monic drives and a linear actuator are only illustrative of
various devices that can be utilized. To this extent, in other
embodiments, the use of the harmonic drives and linear actua-
tor are interchanged and/or alternative devices, such as servo
motors, stepper motors, muscle wire, feedback encoders,
electronic motor drives, feedback torque sensors, etc., can be
used to move the various links 104A-104D. While vehicle 30
is shown including a single arm 102, it is understood that
vehicle 30 can include any number of arms 102.

Vehicle 30 can include a set of components that are utilized
for performing various operations. To this extent, link 104C is
shown including a set of visualization components 108 and
link 104D is shown including a set of action components 110.
In an embodiment, the set of visualization components 108
includes a light source 112 and a set of imaging devices 114A,
114B. In a more particular embodiment, light source 112 can
comprise a source of a type of diffused light, which can enable
the set of imaging devices 114A, 114B to capture image data
that is capable of being processed using two-dimensional
machine vision techniques, such as image segmentation,
thresholding, pattern recognition, or the like, to locate one or
more objects within the field of view. In this case, a single
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imaging device can be utilized to capture the image data. In an
illustrative embodiment, imaging devices 114A, 114B each
comprise a resolution of approximately two megapixels. It is
understood that various alternative configurations of the set of
visualization components 108 can be implemented depend-
ing on the required imaging and/or the operating environ-
ment. For example, the set of imaging devices can include one
or more imaging devices that capture color, infrared, multi-
spectral, and other types of image data.

The set of action components 110 can be selected and
configured to perform any combination of various actions
including, but not limited to, inspection of an object (e.g.,
using an imaging device, one or more sensors such as infrared
sensors, chemical sensors, etc.), repair/repair assistance, cou-
pling/decoupling, and/or other types of manipulations of
objects. The set of action components 110 can be operated
and controlled by processing component 36 and/or can be
operated under the direction of one or more remote users.

To this extent, vehicle 30 can be configured to perform
operations that require a highly precise machine vision sys-
tem to locate object(s) that are to be manipulated using the set
of action components 110 in various outdoor operating envi-
ronments. In this case, a two-dimensional machine vision
system can be fooled by, for example, falling snow partially
covering a part, plain scene clutter with too many similar
looking objects, many variations in two-dimensional shapes,
other objects which appear similar when viewed in a two-
dimensional plane, and/or the like. In an alternative more
particular embodiment, the set of visualization components
108 can include a pair of imaging devices 114A, 114B, which
capture image data that can be used to create a stereo image,
e.g., an image including a three-dimensional set of coordi-
nates, of an object on which vehicle 30 is configured to
perform one or more manipulations. In still another alterna-
tive more particular embodiment, the set of visualization
components 108 can include a light source 112 that emits a
pattern of light, such as a sheet (e.g., line) of light, and one or
more imaging devices 114A, 114B that capture images of an
area as the light reflects off of different surfaces within the
area. Light source 112 can be configured to move the pattern
oflight across the area, or light source 112 can be moved with
respectto the area. In any event, processing component 36 can
process the multiple images to generate a complete profile for
the object(s) within the field of view, e.g., by reconstructing
structural information from motion (SFM), shape from shad-
ows, and/or the like. For example, processing component 36
can use arm 102 to capture multiple images of an object for
which three-dimensional information is desired. Processing
component 36 can use image geometry and the multiple
images to compute the three-dimensional information. It is
understood that while only a single light source 112 is shown,
vehicle 30 can include any combination of two or more light
sources 112. For example, light source 112 can comprise a
large number of light emitting diodes (LEDs) with a diffuser
plate in front of the LED array. Further, additional light
sources 112 can be mounted around imaging devices 114 A,
1148 to reduce shadows on the object(s) within the field of
view caused by the illuminated light.

In order for vehicle 30 to perform a task on a object whose
three-dimensional coordinates are known, processing com-
ponent 36 can plan movement of links 104A-104D in a man-
ner that ensures the links 104 A-104D travel in a direction that
moves closer to the object without spending time searching
the three dimensional travel space. In an embodiment, pro-
cessing component 36 implements an inverse kinematics-
based solution to position the links 104A-104D with respect
to a target object. Inverse kinematics comprise a class of
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computer solutions that can plan the path for the links 104 A-
104D given a destination for the links 104A-104D. Process-
ing component 36 can use linear equations, Jacobian models,
and optimized 3D space searches to quickly calculate an
optimal path for the links 104A-104D until the links 104A-
104D arrive at a desired location with respect to the object.

Vehicle 30 can be configured to capture data that enables
processing component 36 to attempt to uniquely identify one
or more objects, such as rail vehicles. To this extent, imaging
devices 114A, 114B and/or imaging device 46 can capture
image data of a unique identifier, such as a license plate, a
vehicle number, object attributes (e.g., color, construction,
etc.), and/or the like. Processing component 36 can process
the image data, e.g., using optical character recognition
(OCR) software, pattern recognition software, or the like, to
determine a unique identifier for the vehicle. Additionally,
vehicle 30 can include a wireless identification device 116,
such as a radio frequency identification (RFID) tag reader,
which can acquire, when available, identification data trans-
mitted by a corresponding wireless identification transmitter
placed in conjunction with an object.

In an illustrative application, which is used to describe
aspects of the invention herein, a classification yard includes
a system for evaluating and/or performing routine mainte-
nance on rolling stock in each of many consists (e.g., one or
more connected rail vehicles) of rolling stock using vehicle
30. The system can route any rolling stock that is evaluated as
including one or more designated defects to a maintenance
area, which can address the defect(s) before allowing the
rolling stock to be included on a train that is sent out to various
destinations for delivery. In this manner, the system can
improve: safety by reducing a likelihood of an accident in
which one or more of the defects is a contributing cause;
efficiency by removing defects that can lead to increased
energy expenditure during operation; and/or the like.

Robotic vehicle 30 can be implemented within the classi-
fication yard, e.g., as part of the evaluation and/or mainte-
nance system, and be configured to perform one or more
operations that are typically manually implemented in con-
junction with maintenance and/or routing rail vehicles in the
classification yard. For example, an illustrative robotic
vehicle can be configured to operate a coupler release handle,
disconnect/reconnect railway brake hoses, and/or the like,
between two connected rail vehicles to decouple/attach the
rail vehicles. In this manner, it is not necessary for any per-
sonnel to get between two rail vehicles to detach/attach the
rail vehicles from/to one another thereby improving the safety
and efficiency of processing the rail vehicles within the clas-
sification yard.

FIG. 4 shows an illustrative simplified diagram of a clas-
sification yard 10 according to an embodiment. Classification
yard 10 includes a number of consist assembly tracks 12 that
feed into a single rail line 14. All rail traffic passing through
classification yard 10, apart from through traffic, passes along
rail line 14. Rail line 14 then diverges into multiple outbound
tracks 16. Rolling stock evaluated as having defect(s) that
require service is/are routed to a dedicated set of maintenance
tracks 18. Additionally, freight traffic classification can occur
within classification yard 10. During the classification of
freight traffic, freight-carrying rail vehicles that do not require
servicing are decoupled according to the destinations and
routed to one of the various outbound tracks 16 in classifica-
tion yard 10 for re-coupling with other rail vehicles as part of
an outbound train. Rail line 14 includes a set of retarder
devices 13, which are configured to reduce the speed of rail
vehicles passing thereby.
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Classification yard 10 includes a processing system 20,
which can evaluate the rolling stock for the presence of one or
more defects and route the rolling stock based on the defect(s)
and/or its destination using vehicle 30 (FIG. 1). To this extent,
processing system 20 is shown including an evaluation com-
ponent 22 that automatically acquires measurement data and
evaluates various aspects of the rolling stock as it travels
along rail line 14. Evaluation component 22 can provide
measurement and/or evaluation data to a management com-
ponent 24, which can route the rolling stock accordingly.
Management component 24 can include a computer system
that aids in routing the rolling stock (e.g., by designating a
track, operating switches to route the rolling stock to the
track, and/or the like). To this extent, management component
24 can comprise a routing component 25, which provides for
the routing of rail vehicles through classification yard 10, and
an inspection component 27, which implements the inspec-
tion actions described herein. Routing component 25 and
inspection component 27 can interact with one another and
one or more vehicles 30 to process vehicles through classifi-
cation yard 10. A user can be located in a control tower or the
like, which can assist the user in overseeing the operations of
classification yard 10 while utilizing management compo-
nent 24 in moving rolling stock through classification yard
10. In this manner, classification yard 10 permits a real-time
assignment of good order or bad order evaluation to all pass-
ing rolling stock, which further enables more efficient pro-
cessing of the rolling stock through classification yard 10.

Any combination of various components of rail vehicles
can be inspected using evaluation component 22 and/or
inspection component 27. For example, evaluation compo-
nent 22 can acquire measurement data for performing an
inspection of the various couplings between two connected
rail vehicles, which can be provided for processing by inspec-
tion component 27. When inspection component 27 deter-
mines that a rail vehicle does not pass the inspection (e.g.,
includes one or more defects), processing system 20 can
determine whether the defect(s) is (are) of the type that can be
repaired locally (e.g., in-situ or on a local track).

Diverting a vehicle from a consist to another track, e.g., due
to the presence of one or more defects, requires that the
vehicle be detached from the other vehicles in the consist.
However, a local repair can include a repair of one or more
minor defects (e.g., reattachment of a brake line) with the
couplings between two rail vehicles. Vehicle 30 can be
directed to travel to a location between two rail vehicles and
detach/attach various connectors (coupling mechanisms,
brake hoses, etc.) when assembling or disassembling a con-
sist, performing a repair, detaching a bad-ordered vehicle,
and/or the like. These tasks are inherently dangerous, as they
previously required that a worker get between two vehicles in
a consist, which may be moving constantly, or suddenly stop
or start without warning in classification yard 10. Even a very
small movement by a 300,000 pound rail vehicle can be
potentially lethal for a worker between two vehicles at that
moment.

Vehicle 30 can be configured to attempt to fix minor defects
such as loose/hanging equipment (e.g., a hose) or material,
over-height/over-width loads, and/or the like, in an automated
or semi-automated manner without re-routing the rail vehicle
and/or detaching and routing the vehicle locally, e.g., via a
loop-back rail line 15. In this case, one or more personnel can
direct and/or assist vehicle 30 in performing the repair, and
indicate to processing system 20 one or more details of the
repair (e.g., time, materials, etc.) as well as whether the repair
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was successful or not. If the repair is successful, processing
system 20 can route the rail vehicle for re-inspection, e.g., via
a loop-back rail line 15.

When processing system 20 determines that one or more
defects on a vehicle cannot be performed in-situ or that one or
more repairs were unsuccessful, the vehicle can be detached
from a consist using vehicle 30 and processing system 20 can
route the vehicle to one of a set of maintenance tracks 18.
Processing system 20 can route the vehicle to the mainte-
nance track 18 via rail line 14 or via rail line 17, e.g., when a
repair was first attempted on loop-back rail line 15. In any
event, one or more maintenance personnel at a maintenance
shop 19 can perform the repair, and indicate to processing
system 20 one or more details of the repair (e.g., time, mate-
rials, etc.). Subsequently, processing system 20 can route the
rail vehicle for re-inspection, e.g., via rail lines 15, 17.

As discussed herein, processing system 20 can utilize a set
of robotic vehicles to perform one or more operations
required to process the rail vehicles as they pass through
classification yard 10. To this extent, referring to FIGS. 1 and
4, robotic vehicle 30 includes a set of application-specific
components 100 that enable robotic vehicle 30 to perform
various operations required within classification yard 10. In
an illustrative application described further herein, robotic
vehicle 30 is configured to operate a coupler release handle
for decoupling two rail vehicles, disconnect/reconnect rail-
way brake hoses, identify, evaluate, and/or repair the rail
vehicles, operate external systems, and/or the like.

In any event, processing component 36 can interact with
one or more external systems, such as management compo-
nent 24, to receive operating instructions corresponding to a
consist being processed through classification yard 10 and/or
obtain assistance. For example, management component 24
can identify the particular couplings in a consist of rail
vehicles that require decoupling. In an embodiment, process-
ing component 36 can receive a set of instructions for a
consist as it approaches, and can receive updates to the
instructions in response to evaluations performed on the vari-
ous rail vehicles. For example, the initial set of instructions
can indicate the various locations at which the consist must be
decoupled according to the corresponding destinations for the
rail vehicles, while the updated instructions can indicate a rail
vehicle that must be decoupled in order to further evaluate
and/or perform maintenance on the vehicle before it is moved
through the classification yard 10. The instructions can
uniquely identify the coupling to be decoupled using any
solution, e.g., based on a location of vehicle 30, location of
coupling within the consist, identification of front rail
vehicle, and/or the like.

Processing component 36 can communicate the status of
completion of one or more of the assigned tasks with an
external system, such as management component 24. For
example, when two rail vehicles are successfully decoupled,
processing component 36 can send an indication to manage-
ment component 24, which can perform the routing accord-
ingly. When an error occurs, such as an object is detected
within an unsafe operation perimeter of vehicle 30, a rail
vehicle cannot be identified (e.g., due to a missing RFID tag,
smeared or covered vehicle, number, or the like), processing
component 36 can send data to and request assistance from an
external system, such as management component 24. For
example, processing component 24 can transmit image data
corresponding to the detected object or unidentifiable vehicle
30, which can be evaluated by personnel to resolve the error
(e.g., identify the vehicle) and/or determine further actions to
be performed by vehicle 30.



US 9,383,752 B2

13

When vehicle 30 is unable to complete a task indepen-
dently, such as decoupling two rail vehicles, vehicle 30 can
obtain assistance from an external source. For example, when
processing component 36 cannot locate an object, such as a
coupler release handle or brake hoses, processing component
36 can provide image data corresponding to an area in which
the object should be present for evaluation by an individual.
Further, processing component 36 can request assistance for
a particular task when a task cannot be performed within a
predetermined amount of time. Still further, processing com-
ponent 36 can control one or more retarder devices 13 to slow
rail vehicles passing thereby, e.g., in order to reduce the
tension between two rail vehicles to allow them to separate. In
an embodiment, vehicle 30 transmits RF signals directly to
the set of retarder devices 13. Alternatively, processing com-
ponent 36 can signal an external system, such as management
component 24, which in turn operates the set of retarder
devices 13 accordingly.

As discussed herein, the set of action components 110 can
be configured to manipulate one or more objects, such as in
decoupling a pair of rail vehicles. To this extent, the set of
action components 110 can be configured to operate a coupler
release handle, which can be located on one or both sides of
the coupler mechanism of a rail vehicle. When operation of
the coupler release handle on one side of the rail vehicle fails,
the coupler release handle located on the other side of the rail
vehicle can be utilized.

Regardless, once vehicle 30 is located adjacent to a work
region, e.g., adjacent to the region between a pair of rail
vehicles to be decoupled, processing component 36 can
acquire image data from imaging devices 114A, 114B and
process the image data to locate an object to be manipulated,
such as the coupler release handle, and operate the set of
action components 110 to perform the manipulation. The set
of' imaging devices 114 A, 114B provide a detailed view of a
particular object to be manipulated, which enables processing
component 36 to implement machine vision-related pro-
cesses locally and perform refined object recognition.

FIG. 5 shows an illustrative coupling mechanism 120,
which is commonly incorporated to couple rail vehicles 4A,
4B, according to an embodiment. Rail vehicles 4A, 4B are
connected at two points: a main coupler assembly 122 and the
brake hoses 126 A, 126B. In particular, coupler assembly 122
automatically engages when a forward component 124 A of a
rail vehicle 4B encounters a rear component 124B of another
rail vehicle 4A. While coupling mechanism 120 provides for
automatic coupling (although brake hoses 126 A, 126B are
coupled manually), decoupling continues to be performed
manually, which can be dangerous. In particular, a human
must go between rail vehicles 4A, 4B, which can be moving
and/or move at any time, to perform the decoupling. In fact,
the decoupling often relies on the movement of one of the rail
vehicles 4A, 4B once coupler assembly 122 has been
decoupled (e.g., due to gravity when rail vehicles 4A, 4B are
on an incline, such as at a classification yard).

To decouple rail vehicles 4A, 4B, a coupler release handle
128 is moved a relatively small amount in a direction perpen-
dicular to the handle’s axis to operate a coupler release
mechanism 130. That is, release handle 128 is moved verti-
cally when release handle 128 extends horizontally or hori-
zontally when release handle 128 is substantially vertical in
orientation, as shown. Operation of release handle 128 in this
manner causes coupler release mechanism 130 to release the
components 124 A, 124B of coupler assembly 122. An opera-
tor will determine whether rail vehicles 4A, 4B have sepa-
rated, and if not, may need to operate release handle 128
again. Brake hoses 126A, 126B are generally connected to a
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corresponding portion of coupler assembly 122 by a wire or
chain harness 132. As rail vehicles 4A, 4B separate, harness
132 exerts angular force upon the brake hose connection,
causing the brake hoses 126 A, 126B to separate. It is under-
stood that coupling mechanism 120 can include mirrored
components of release handle 128 and brake hoses 126A,
126B on an opposite side, which are not shown for clarity.

Referring to FIGS. 1 and 5, the set of imaging devices
114A, 114B can acquire image data having a field of view
approximately of that shown in FIG. 5. Processing compo-
nent 36 can identify certain features/objects within the field of
view and locate a bounding area 134 within which coupler
release handle 128 should be located. For example, process-
ing component 36 can identify the start of rail vehicle 4B,
ground level, and the closest side of vehicle 4B to vehicle 30.
Processing component 36 can define the bounding area 134 as
a cube having an X-axis that starts one foot in front of vehicle
4B and ends two feet in front of vehicle 4B, a Y-axis that starts
one foot above ground level and ends two and a half feet
above ground level, and a Z-axis that extends from one foot
beyond the vehicle 30 to a half foot beyond the closest side of
vehicle 4B. Subsequently, processing component 36 can pro-
cess image data corresponding to the bounding area 134 to
recognize coupler release handle 128, which can be a lever, a
hook, an inverted “C” lever, and/or the like.

Processing component 36 can apply a set of three-dimen-
sional machine vision algorithms to the image data to gener-
ate a representation of the geometry of various objects within
the field of view in three dimensions. For example, processing
component 36 can identify various three-dimensional data
points by evaluating the stereoscopic image data acquired by
imaging devices 114A, 114B, e.g., using the disparity
between the image data captured by the two imaging devices
114A, 114B. Similarly, processing component 36 can iden-
tify the three-dimensional points by analyzing a set of images
acquired with a pattern of light (e.g., moire light pattern,
binary light pattern, and/or the like) reflecting off of the
various surfaces within the field of view, and/or the like. It is
understood that numerous other types of three-dimensional
machine vision processing solutions can be implemented on
vehicle 30, such as a 3D profile scanner from Keyence, an
LMI laser, a Sick laser scanner, a three-dimensional range
camera, light detection and radar (LIDAR), scanning sheet of
light systems, and/or the like, to generate a 3D representation
including three-dimensional data points. An alternative 3D
representation can use Voxels, e.g., small triangles that rep-
resent a 3D rendering of an object from 3D data points.

Once a 3D representation is available, processing compo-
nent 36 can process the data points to identify the various
objects. In an embodiment, processing component 36 uses
in-variant features representing the objects to match against
the 3D points. For example, a circular “donut like” object can
be described by a set of radii and thickness of the donut. In an
illustrative approach, processing component 36 can fit the
acquired 3D data points through a curve fitting algorithm to
determine whether a match against a previously stored in-
variant template occurs. In another approach, processing
component 36 can use more general purpose 3D volume
fitting algorithms, e.g. Open Source Visualization Toolkit
(VTK), or the like, to recognize the object(s). It should be
noted that with abundant processing power currently avail-
able, 3D volume fitting and template matching has become a
practical approach. Determination and evaluation of the
three-dimensional points provide improved object recogni-
tion when work piece surface conditions, work piece color,
and/or the like, can vary substantially, as occurs in outdoor
railway conditions where rust is frequently present. Regard-



US 9,383,752 B2

15

less, it is understood that processing component 36 can ana-
lyze other features of the object, such as color, texture,
approximate location, etc., in addition to its shape to accu-
rately identify the object. Further, it is understood that pro-
cessing component 36 can identify the various objects by
being trained to recognize certain stored patterns, shapes,
parts, etc. For example, the VOLTS-IQ visual intelligence
software suite, offered by Braintech, comprises an approach
to train processing component 36 to identify parts and shapes
for later recall and usage.

Once identified, processing component 36 can operate one
or more components in the set of action components 110 to
move coupler release handle 128 to decouple vehicles 4A,
4B. To this extent, FIGS. 6A-6D show operation of an illus-
trative manipulator 140, which can be located at an end of link
104D (FIG. 1), according to an embodiment. FIGS. 6A, 6B
show a front view and top view, respectively, of manipulator
140. Manipulator 140 includes a manipulator attachment 142,
a rotation mechanism 144, a gripping mechanism 146, and a
plurality of fingers 148A-148C. Each finger 148 A-148C can
be equipped with a set of sensors, which can, for example,
provide information on an amount of force being exerted on
the finger 148A-148C. The set of sensors can include, for
example, tactile sensor(s), pressure sensor(s), force sensor(s),
torque sensor(s), and/or the like. Gripping mechanism 146
includes a plurality of tracks 150A-C along which fingers
148A-C can move. Further, rotation mechanism 144 can
enable gripping mechanism 146 and fingers 148A-C to be
rotated about its axis. Still further, as illustrated in FIG. 6C,
manipulator 140 can be attached to link 104D, which can
provide horizontal and/or vertical movement of manipulator
140. It is understood that the various movements described
herein can be implemented using any combination of one or
more types of motion control components including, but not
limited to, servo motors, stepper motors, muscle wire, har-
monic drives, feedback encoders, electronic motor drives,
feedback torque sensors, and/or the like.

FIGS. 5, 6C, 6D illustrate use of manipulator 140 to oper-
ate release handle 128 in order to detach rail vehicles 4A-B. In
particular, processing component 36 (FIG. 1) can operate arm
102 (FIG. 1) and/or manipulator 140 to engage release handle
128. To this extent, release handle 128 can be positioned such
that multiple fingers, such as fingers 148 A, 148C are on one
side of release handle 128, while at least one finger, such as
finger 148B is on the other side of release handle 128. Pro-
cessing component 36 can determine that fingers 148 A-148C
are properly aligned using, for example, data acquired from a
sensor on each finger 148 A-148C that measures an amount of
force being exerted. Once manipulator 140 is engaged, pro-
cessing component 36 can operate arm 102 to move (e.g.,
shake) manipulator 140 in the direction/distance required to
release components 124 A, 124B. Processing component 36
can determine whether rail vehicles 4A, 4B have been suc-
cessfully released from one another. If so, fingers 148 A-148C
can disengage from release handle 128. Otherwise, process-
ing component 36 can move manipulator 140 again to seek to
release components 124 A, 124B.

During operation of release handle 128, processing com-
ponent 36 can use data from the force sensors on fingers
148A-148C to determine, for example, whether any unusual/
abnormal resistance or lack of resistance occurs while the
release handle 128 is being moved. Further, processing com-
ponent 36 can determine various other faults using any solu-
tion. For example, processing component 36 can determine a
fault due to a failure to release rail vehicles 4A, 4B after a
predetermined number of tries, a broken (e.g., stuck or miss-
ing) component in coupling mechanism 120, and/or the like.
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In this case, processing component 36 can generate an alarm,
which can be presented to a user for action.

Processing component 36 can determine whether rail
vehicles 4A, 4B have been successfully released using any
solution. For example, processing component 36 can process
image data captured by one or more imaging devices 46,
114 A, 114B to determine whether the rail vehicles 4A, 4B are
moving away from one another, e.g., whether the distance
between the vehicles 4A, 4B is increasing. In another embodi-
ment, vehicle 30 can include a laser distance sensor, or the
like, which processing component 36 can operate to point at
one or both vehicles 4A, 4B and measure the distance to
determine whether the decoupling was successful. Regard-
less, once a successful decoupling operation is performed,
processing component 30 can transmit its success to another
system, such as management component 24 (FIG. 4), and
wait for instructions or commence its next action.

Returning to FIG. 1, it is understood that processing com-
ponent 36 can utilize the same or similar processes in order to
identify various other types of objects for other applications,
and that the set of action components 110 can be configured to
perform various other types of actions on these objects for
other applications. To this extent, the set of action compo-
nents 110 can comprise one or more additional components
and/or alternative components. Further, as discussed herein,
vehicle 30 can comprise multiple arms 102, each having a
different set of action components 110.

Within the railroad environment, processing component 36
can identify brake hoses 126 A, 126B (FIG. 5) for subsequent
connection or separation using a three-dimensional machine
vision solution discussed herein. In an embodiment, since
brake hoses 126A, 126B must meet dimensional tolerances
specified by the Association of American Railways (AAR),
vehicle 30 can be configured to use active machine vision
metrology, such as imaging reflections of a sheet of light
generated by light source 112, to identify the brake hoses
126 A, 126B from other background objects by gauging the
dimensions of the brake hoses 126 A, 126B. In this case, the
set of action components 110 can comprise a manipulator
configured to decouple railway brake hoses 126 A, 126B.

FIGS. 7A-7D show operation of another illustrative
manipulator 160, which can belocated at an end oflink 104D,
according to an embodiment. FIGS. 7A, 7B show a top view
and front view, respectively, of manipulator 160. Manipulator
160 includes a pair of restraining rods 162A, 162B and a
contact component 164. Contact component 164 can be
moved up/down with respect to restraining rods 162A, 162B
via a piston 166 or the like. Restraining rods 162 A, 162B are
positioned above a low point of contact component 164 via a
pair of vertical supports 168A, 168B that are spaced apart
using a spacer 170, which is attached to link 104D using any
solution. Each component of manipulator 160 that contacts
one or more components of a rail vehicle 4A, 4B (FIG. 5) can
have a smooth rounded cross section to reduce the risk of wear
or damage to one or more components that are manipulated
using manipulator 160.

Processing component 36 (FIG. 1) can operate manipula-
tor 160 to detach a pair of connectors 8A, 8B for a standard
rail brake hose 126 A, 126B (FIG. 5) on rail vehicles 4A, 4B.
To this extent, FIGS. 7C, 7D show manipulator 160 being
used to detach connectors 8A, 8B. Initially, processing com-
ponent 36 can operate arm 102 (FIG. 1) to locate manipulator
160 so that each restraining rod 162A, 162B is located above
the brake hose adjacent to a corresponding connector 8A, 8B,
respectively, while contact component 164 is located below
connectors 8A, 8B. The spacing between restraining rods
162A, 162B can be selected such that each restraining rod
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162A, 162B can be located near where connectors 8A, 8B
meet the brake hose. Further, processing component 36 can
adjust a width of spacer 170 using any solution to enable the
corresponding locations of restraining rods 162A, 162B to be
adjusted. Similarly, a distance between a top of contact com-
ponent 164 and a bottom of restraining rods 162A, 162B can
be selected such that connectors 8A, 8B will readily fit
between. Further, processing component 36 can adjust the
distance by adjusting a length of vertical supports 168A,
168B and/or a height of contact component 164 using any
solution (e.g., via piston 166).

Once manipulator 160 is positioned appropriately, pro-
cessing component 36 can move contact component 164
upward toward connectors 8A, 8B using piston 166. Contact
component 164 will force connectors 8A, 8B to move
upward, while the brake hose 126A, 126B (FIG. 5) is pre-
vented from moving upward by restraining rods 162A, 162B.
As a result, connectors 8A, 8B will swivel away from one
another, resulting in the hoses 126 A, 126B becoming sepa-
rated. Processing component 36 can confirm that the brake
hoses have been decoupled using any solution (e.g., by ana-
lyzing image data of the work region, data from one or more
pressure sensors located on manipulator 160, or the like).
Once a successful decoupling operation is performed, pro-
cessing component 30 can transmit its success to another
system, such as management component 24 (FIG. 4), and
wait for instructions or commence its next action.

It is understood that manipulators 140, 160 and the func-
tionality described therewith are only illustrative of numerous
types of manipulation devices and functions, which can be
implemented on vehicle 30 and utilized to perform a wide
variety of tasks. To this extent, processing component 36 can
utilize the same/similar components and processes described
herein to perform additional actions in an operating environ-
ment, such as one or more repairs or maintenance tasks in a
classification yard. For example, FIG. 8 shows illustrative use
of manipulator 160 to rotate a brake wheel 6 located on a
front/back side of a rail vehicle 4 according to an embodi-
ment. Brake wheel 6 can be rotated to release stuck brakes on
rail vehicle 4. Similarly, manipulator 160 can be utilized to
bleed the brake system of a rail vehicle 4 by pulling an air
system release lever located on the side of a rail vehicle 4. For
example, manipulator 160 can grasp the release lever and the
arm can be operated to pull the lever down to bleed off the air
pressure for a few seconds. Additionally, vehicle 30 can oper-
ate a hose to clean a portion of the work area, such as a
maintenance pit, between tracks, rail vehicles 4, and/or the
like.

Further, manipulator 160 can be implemented with
restraining rods 162A, 162B capable of movement similar to
human fingers. In this case, in order to grasp an object, pro-
cessing component 36 can implement grasp planning prior to
moving the restraining rods 162 A, 162B. The grasp planning
can comprise, for example, one or more grasp planning opti-
mization algorithms, such as grasp analysis, grasp workspace
determination, grasp solution computation within the work-
space, and/or the like. In an embodiment, vehicle 30 can
comprise a pair of manipulators 160, each of which can be
used to grasp one of a pair of disconnected brake hoses
between two rail vehicles and attach the brake hoses, e.g., as
part of assembling a consist for an outbound train.

Returning to FIG. 1, the set of action components 110 on
vehicle 30 can be configured to acquire data for inspecting
one or more aspects of an object. To this extent, processing
component 36 can be configured to acquire measurement data
for and/or perform maintenance on various components of a
rail vehicle. For example, the set of action components 110
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can comprise a non-destructive testing head, which can be
applied to or placed in proximity with an object and used to
acquire data regarding the object. In various embodiments,
the testing head can comprise: an electromagnetic acoustic
(EMAT)-based testing head, such as shown and described in
U.S. Pat. No. 6,523,411; ahandheld electronic gauge, such as
shown and described in U.S. Pat. No. 7,525,667, a handheld
measurement device, such as shown and described in U.S.
Pat. No. 7,478,570; and/or the like. Processing component 36
can operate arm 102 to apply the testing head to various
locations of a rail wheel and probe for flaws within the rail
wheel (e.g., a crack), gather wheel stress measurements,
gather dimensional measurements (e.g., diameter), and/or the
like.

Similarly, the set of action components 110 can comprise a
set of data acquisition devices, such as an imaging device, a
chemical/biological sensor, an infrared imaging device (e.g.,
active illumination infrared camera or a passive infrared cam-
era), a multi-spectral imaging device, or the like, which pro-
cessing component 36 can locate accordingly to acquire mea-
surement data, such as image data, chemical/biological
levels, heat data, and/or the like, which processing compo-
nent 36 can analyze to determine the presence of one or more
unsafe conditions (e.g., a leak, hot brakes, uneven wear, hid-
den compartments, etc.). In an embodiment, a vehicle 30 can
respond to an accident that may have resulted in a leak of
hazardous material to determine a level and severity of the
spill. Likewise, imaging device 46 and/or the set of action
components 110 can be configured to acquire various types of
image data for the surrounding area to perform security-
related actions. For example, imaging device can acquire
infrared image data, which processing component 36 can
evaluate to determine the presence of unauthorized individu-
als in the work region regardless of scene clutter and/or
weather conditions.

Moreover, vehicle 30A (FIG. 2) can be configured to per-
form track-related maintenance and/or inspection as it moves
along the tracks. To this extent, vehicle 30A can be configured
to visually inspect the track for defects, make track-based
measurements (e.g., gauge, profile, etc.), make minor repairs
to railway tie spikes or other track-related infrastructure, etc.
Outside of the railway industry, embodiments of vehicle 30
can be configured to perform inspections of road-based
vehicles, water-based vehicles, explosive ordinance disposal,
remote inspection and/or monitoring, and/or the like.

For some applications, such as within classification yard 10
(FIG. 4), the rail vehicles may move unexpectedly, change
direction, or be continuously moving. To this extent, referring
to FIG. 1, robotic vehicle 30 can maneuver itself and align
itself with a coupling or corresponding work region of a rail
vehicle and secure itself with respect to the rail vehicle (e.g.,
by latching on to the release handle). Additionally, robotic
vehicle 30 can align its tracks 42 to be parallel with the rail on
which the rail vehicle is located. Alternatively, when robotic
vehicle 30 is implemented as a rail-based vehicle 30A (FIG.
2), the corresponding rails can be aligned accordingly.
Regardless, processing component 36 can disengage the
clutch within transport component 40 to allow tracks 42 to
move freely. In this manner, arm 102 and the components
thereon can remain stationary with respect to the work region
of'a rail vehicle even if the rail vehicle is moving or suddenly
starts/stops. Once vehicle 30 has completed the task, process-
ing component 36 can unsecure vehicle 30 from the rail
vehicle and re-engage the clutch to enable vehicle 30 to move
on its own.

In an embodiment, processing component 36 can extend
arm within the gap between a pair of connected vehicles. In
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this case, processing component 36 can implement a
mechanical tracking solution, such as a stabilization plat-
form, which stabilizes a position of the arm 102 with respect
to the rail vehicles. In this case, vehicle 30 can include a
sensor to acquire the speed of the rail vehicles and processing
component 36 can adjust the speed of vehicle 30 with the
speed of the rail vehicles to move in-step with the rail vehicles
(e.g., track the movement of the rail vehicles). Processing
component 36 can track the vehicle movement using image-
based invariant feature tracking, particle filters, or perform
binary correlation to match features in a spatio-temporal
image stream with features of a template image of the target.
Further, processing component 36 can implement finer
adjustments by moving arm 102 in response to determining a
difference in location for an object within a field of view of an
imaging device, or the like.

It is understood that arm 102 and the various components
for performing actions and/or acquiring data on an object can
be implemented in a stationary location. For example, arm
102 can be permanently mounted adjacent to a rail line, such
as rail line 14 (FIG. 4). Further, arm 102 can be permanently
mounted between a pair of rails. In this manner, arm 102 and
the components thereon, can be configured to acquire data/
perform manipulations of various components located on the
underside of the rail vehicles (e.g., brakes, suspension, axle,
etc.). Further, arm 102 can access and manipulate the release
handle 128 (FIG. 5) and/or brake hoses 126A, 126B (FIG. 5)
of the coupling mechanism 120 (FIG. 5).

However, due to potential movement of rail vehicles, rather
than an arm 102 at a fixed location, another embodiment
provides a vehicle 30 configured to operate between a pair of
rails on which rail vehicles travel. To this extent, FIG. 9 shows
a side view of another illustrative robotic vehicle 30B accord-
ing to an embodiment. Robotic vehicle 30B is configured to
operate between a pair of rails. In this case, when arm 102 is
not extended, vehicle 30B can comprise a profile that is
approximately six inches high and a width that is approxi-
mately two feet or less. As illustrated, arm 102 can comprise
a three-link arm, in which the first and second links rotate
around connection points, and the third link, with the set of
action components 110, can extend from the second link.

When vehicle 30B is properly positioned, e.g., underneath
the spacing between a pair of rail vehicles, processing com-
ponent 36 can raise and extend the set of action components
110 to a desired location to perform the corresponding action
(s). For example, the set of action components 110 can be
configured to decouple the rail vehicles. To this extent, FIG.
10 shows an illustrative configuration in which vehicle 30B
can image a coupling mechanism 120 from below using a set
of visualization components 108 according to an embodi-
ment. As illustrated, vehicle 30B (FIG. 9) can position the set
of visualization components 108 to enable the capture of
cross-sectional image data of the coupling mechanism 120.

Returning to FIGS. 1 and 4, an embodiment of vehicle 30
is configured to move throughout a rail yard, such as a clas-
sification yard 10, without its movement being limited to
tracks, within tracks, or the like. To this extent, processing
component 36 can be configured to determine a location of
vehicle 30 within the classification yard 10. FIG. 11 shows a
top view of a portion of a rail yard 10A according to an
embodiment. As illustrated, the rail yard 10A comprises a
large number of tracks that are configured in a structured
manner. The various tracks can be as close as approximately
ten feet to each other, which will require vehicle 30 to be
capable of determining its location with a high degree of
accuracy to avoid collision with rail vehicles moving on the
tracks.

25

35

40

45

50

20

Rail yard 10A comprises numerous salient features that
can be used to accurately location vehicle 30. For example,
the rail tracks comprise recognizable patterns, as well as
various other features, such as sign posts, roads, structures,
and/or the like, can be identified on a highly accurate digital
map of rail yard 10A. Processing component 36 can identify
some of'these features within image data captured by imaging
device 46 and use their location to make periodic course
corrections to the movement of vehicle 30. Additionally, pro-
cessing component 36 can implement an algorithm, such as
Kalman filters, to reduce location estimation errors.

Additionally, the map of rail yard 10A can be supple-
mented with information utilized by vehicle 30. For example,
rail yard 10A can comprise several virtual cells 204A-204C.
Each virtual cell 204A-204C can have a corresponding size,
risk probability, volume, action list, maximum speed, and/or
the like, associated therewith. Once within a virtual cell
204 A-204C, processing component 36 can operate vehicle 30
accordingly. For example, in a virtual cell in which rail
vehicles infrequently travel and are slow moving, processing
component 36 can move vehicle 30 alongside a rail. However,
in a virtual cell that comprises a high volume of and/or fast
moving rail vehicles, processing component 36 can carefully
analyze the rails before approaching a rail. In the case of
decoupling rail vehicles, processing component 36 can direct
vehicle 30 to a location of the first coupling mechanism to be
decoupled based on the action list. It is understood that virtual
cells 204A-204C are only illustrative, and rail yard 10A can
comprise numerous virtual cells.

As discussed herein, vehicle 30 also can include a position-
ing component 38 (FIG. 1), which can comprise a geographic
location radio signal receiver, which acquires geographic
location information for vehicle 30 from a geographic loca-
tion transmitter. To this extent, rail yard 10A is shown includ-
ing a set of location transmitters 200A-200C, such as ultra-
wideband location beacons, according to an embodiment.
Each location transmitter 200A-200C can transmit a signal
that is received by positioning component 38. Processing
component 36 can process one or more attributes of the
respective signals to determine an area 202 corresponding to
a location of vehicle 30.

In another embodiment, a work environment, such as rail
yard 10A, can be supplemented with one or more alternative
markers for assisting vehicle 30 and processing component
36 in moving throughout the work environment. For example,
a line can be painted on a surface along which vehicle 30
travels, which processing component 36 can utilize to route
itself accordingly. Similarly, an emitting source, such as a
buried wire emitting low levels of coded RF signal, a laser
light emitter, or the like, can be used to assist vehicle 30 in
guiding itself along a predetermined path. Still further, other
markers, such as an edge of maintenance pit, one or a pair of
side by side tracks, an overhead sentry, and/or the like, can be
utilized by processing component 36 to determine a path of
travel.

Once vehicle 30 is located in a roughly desirable location,
e.g., within a virtual cell 204A-204C, vehicle 30 must be
positioned sufficiently close to the required task, such as
decoupling rail vehicles. Initially, processing component 36
can locate the area for the work location, e.g., the location of
a coupling mechanism to be decoupled. To this extent, pro-
cessing component 36 can determine the correct rail vehicles
to be decoupled in a stream of connected rail vehicles using
any solution. For example, processing component 36 can
identify a particular rail vehicle in a consist to determine
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whether the rail vehicle is one to be decoupled or to determine
arelative location of the rail vehicle with respect to the decou-
pling location.

Further, processing component 36 can detect the end ofrail
vehicles to determine a location of the coupling mechanism.
Inan embodiment, processing component 36 can process data
received from the set of collision avoidance sensors 48 to
determine the start/end of each rail vehicle. Additionally,
processing component 36 can receive data from an external
vehicle sensing system, which is implemented within rail
yard 10A. In this case, the external vehicle sensing system can
provide an output signal indicating the end of a rail vehicle
and the beginning of the next rail vehicle, which processing
component 36 can use to determine the area between the rail
vehicles. Processing component 36 also can process image
data acquired by imaging device 46 to identify the work
location, e.g., by identifying a loop figure, which indicates
connected brake hoses for a coupling mechanism.

As discussed herein, vehicle 30 can be provided with a set
of actions, which can subsequently be carried out autono-
mously be vehicle 30. In an embodiment, an off the shelf
robot programming environment, such as one provided by
Mobilerobots, Inc., Robotics Developer Studio from
Microsoft, Inc., and/or the like, can be utilized to program the
actions for processing component 36. For example, an illus-
trative set of instructions provided by a user (e.g., via voice
input, menu selection, or the like) for processing component
36 to implement using the various components of vehicle 30
can comprise: “go to track 5 left side”; “wait until end of car
detected”; “wait for decoupling order”; “confirm vehicle
identity”; “look for pin puller lever”; “grab lever”; “release
car”; “confirm release”; “repeat until end-of-train”.

While vehicle 30 is generally described herein as being
configured for autonomous operation in response to receiving
a set of tasks from another system, it is understood that
vehicle 30 can operate in semi-autonomously, during which a
remote user can control vehicle 30 to perform one or more
tasks and/or assist vehicle 30 in performing one or more
assigned tasks. For example, processing component 36 can
transmit image data captured by imaging devices 46, 114A,
and/or 114B for presentation to the remote user. Additionally,
processing component 36 can transmit data acquired by other
sensors, such as microphone array 47 for presentation to the
remote user. Data from imaging device 46 and microphone
array 47 can provide situational awareness for the remote
user, and processing component 36 and/or a remote system
can analyze and supplement the data with analysis informa-
tion (e.g., identified objects within the field of view, direc-
tional information of a source of a sound, and/or the like).
Data from imaging devices 114A, 114B can be utilized by the
remote user to perform/assist processing component with
performing the task(s).

FIG. 12 shows an illustrative user interface panel 210 for a
remote user according to an embodiment. Panel 210 includes
five display areas 212A-212D, 214. Display areas 212A-
212D provide different views acquired by imaging device 46,
and can provide the remote user with situational awareness
regarding the environment around vehicle 30. Each display
area 212A-212D corresponds to a different portion of an area
around vehicle 30, e.g., every ninety degrees of a circle
around the vehicle 30. Display area 214 provides display
information for the work region, which the remote user can
utilize to perform one or more actions. Processing component
36 can generate and transmit data for the display areas 212A-
212D, 214 using any solution.

In an embodiment, processing component 36 compresses
the image data acquired from the imaging devices using, for
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example, the JPEG 2000 compression algorithm enhanced
for low latency operation, and processing component 36 can
transmit the image data for presentation on panel 210 using a
high speed 801.11 wireless network. In this manner, the
remote user will be presented with a near real time view ofthe
various locations to enable precise control of one or more
components of vehicle 30. It is understood that the update
periods and image quality, and therefore the corresponding
algorithms for generating and transmitting the image data, for
display areas 212A-212D can differ from that of display area
214, the latter of which can be most important for performing
actions using vehicle 30. For display area 214, a latency of
approximately ten milliseconds or less is generally adequate
for a slow speed remote operation.

Additionally, panel 210 can include one or more input
devices for enabling the remote user to remotely control the
operation of one or more components of vehicle 30. For
example, panel 210 is shown including a pair of joysticks
216A, 216B, which can enable the remote user to operate any
combination of the various components on vehicle 30 using
any solution. Itis understood that any type of input device can
be utilized, including a touch screen or the like, which a
remote user can utilize to point out an object within a field of
view of vehicle 30, the bounding area 134, and/or the like.
Using coordinate geometry, processing component 36 can
determine the object’s coordinates with respect to vehicle 30
by employing a range sensor, laser range finder, and/or the
like, and combining the range information with the imaging
device’s field of view using camera calibration solutions.
Further, panel 210 can include alternative and/or additional
input/output devices, such as a speaker, which can present
audible data acquired by vehicle 30, a microphone, and/or the
like. The remote user can designate one or more operations,
e.g., using a speech recognition software or the like, which
can be interpreted into commands transmitted for processing
by processing component 36. While a separate panel 210 is
illustrated, it is understood that the various display areas can
be presented on a standard monitor using a general purpose
computing device executing computer program code config-
ured to manage data for the various display areas, and the
input devices can comprise input devices for the general
purpose computing device, the interaction of which is con-
verted into a set of actions to be performed by component(s)
located on the vehicle 30 by computer program code execut-
ing on the computing device that is configured to interpret the
interactions into the set of actions.

The foregoing description of various aspects of the inven-
tion has been presented for purposes of illustration and
description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and obviously, many
modifications and variations are possible. Such modifications
and variations that may be apparent to an individual in the art
are included within the scope of the invention as defined by
the accompanying claims.

What is claimed is:

1. A vehicle comprising:

a transport component including:

a motor;

a set of wheels; and

a clutch configured to selectively engage the set of
wheels with the motor;

a set of action components, the set of action components
including at least one action component configured to be
temporarily secured with respect to a target object exter-
nal to the vehicle;

means for moving the at least one action component to
temporarily secure the at least one component with
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respect to the target object, the means for moving com-
prising an arm including a plurality of links, wherein the
set of action components are located on the arm, the
vehicle further comprising means for disengaging at
least one link of the multi-link arm in response to the at
least one action component being temporarily secured
with respect to the target object; and

means for operating the clutch to disengage the motor from
the set of wheels in response to the at least one action
component being temporarily secured with respect to
the target object.

2. The vehicle of claim 1, wherein the target object is a

moving object.

3. The vehicle of claim 1, wherein the target object com-
prises a component of a rail vehicle.

4. The vehicle of claim 1, wherein the set of action com-
ponents includes a manipulator configured to decouple a pair
of rail vehicles.

5. The vehicle of claim 1, further comprising:

afirst imaging device configured to acquire location image
data for the vehicle;

a set of visualization components configured to capture
work region image data of a region including the target
object; and

aprocessing component configured to process the location
image data and operate the transport component to move
the vehicle using the location image data and process the
work region image data and create a three-dimensional
representation of objects in the work region based on the
work region image data.

6. The vehicle of claim 5, wherein the means for moving
the at least one action component includes the processing
component, and wherein the processing component is con-
figured to operate the transport component and move the at
least one action component autonomously.

7. The vehicle of claim 1, wherein the motor is configured
to drive at least one wheel that rotates a set of tracks.

8. A railway maintenance device comprising:

a multi-link arm, each link capable of independent move-

ment in at least one direction;

a set of visualization components configured to capture
work region image data for a region including at least
one target object;

an action component located on a link of the multi-link
arm; and

aprocessing component configured to: move at least one of
the links to place the action component near a target
object in the region using the work region image data;
operate at least one of: the arm or the action component,
to perform a railway maintenance operation; and disen-
gage at least one link of the multi-link arm in response to
the action component being temporarily secured with
respect to the target object;

a location imaging device configured to acquire location
image data having a second field of view distinct from
the work region image data; and

a transport component configured to enable the device to
move independently, wherein the processing component
is further configured to process the location image data
and operate the transport component to move the vehicle
using the location image data.

9. The device of claim 8,

wherein the processing component disengages the at least
one link to allow the at least one link to move freely
while the railway maintenance device is performing the
railway maintenance operation.
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10. The device of claim 8, further comprising a positioning
component configured to receive a set of location signals,
wherein the processing component is further configured to
process the set of location signals to determine a location of
the device and use the location of the device to move the
device.

11. The device of claim 10, wherein the positioning com-
ponent is further configured to acquire dead-reckoning data,
and wherein the processing component further uses the dead-
reckoning data to determine the location of the device.

12. The device of claim 8, wherein the processing compo-
nent is configured to identify at least one feature in the loca-
tion image data included in a digital map of a rail yard and
adjust movement of the device based on a location of the at
least one feature with respect to the device.

13. The device of claim 8, wherein the railway maintenance
operation comprises at least one of: decoupling a pair of rail
vehicles, detaching a pair of brake hoses, attaching a pair of
brake hoses, or acquiring inspection data for a rail vehicle.

14. A rail yard comprising:

a railway maintenance device configured to perform each
of a plurality of railway maintenance operations includ-
ing: decoupling a pair of rail vehicles; detaching a pair of
brake hoses; attaching a pair of brake hoses; and acquir-
ing inspection data for a rail vehicle, the device compris-
ing:

a multi-link arm, each link capable of independent
movement in at least one direction;

a set of visualization components configured to capture
work region image data for a region including at least
one target object;

an action component located on a link of the multi-link
arm; and

aprocessing component configured to: move at least one
of'the links to place the action component near a target
object in the region using the work region image data;
operate at least one of: the arm or the action compo-
nent, to perform at least one of the plurality of railway
maintenance operations; and disengage at least one
link of the multi-link arm in response to the action
component being temporarily secured with respect to
the target object.

15. The rail yard of claim 14, wherein the railway mainte-
nance device is located between a pair of rail tracks for a rail
line in the rail yard.

16. The rail yard of claim 14, the railway maintenance
device further comprising:

a location imaging device configured to acquire location
image data having a second field of view distinct from
the work region image data; and

a transport component configured to enable the device to
move independently, wherein the processing component
is further configured to: process the location image data;
operate the transport component to move the device
using the location image data autonomously; and disen-
gage a motor in the transport component from a set of
wheels in the transport component in response to the
action component being temporarily secured with
respect to the target object.

17. The rail yard of claim 16, further comprising means for

assisting the device in moving within the rail yard.

18. The rail yard of claim 17, wherein the means for assist-
ing comprises a plurality of wireless geographic location
transmitters, each location transmitter configured to transmit
location information, and wherein the processing component
is further configured to move the device using the location
information.
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19. The rail yard of claim 17, wherein the means for assist-
ing comprises a set of rail tracks, wherein the device com-
prises a rail-based vehicle.

20. The rail yard of claim 17, wherein the means for assist-
ing comprises a set of markers, and wherein the processing 5
component is further configured to acquire data on a location
of'a marker in the set of markers and move the device using
the location of the marker.
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